Nitrification is one of the important microbiological transformations of nitrogen in the ocean. Traditional enrichment-culture methods for enumerating the autotrophic bacteria which oxidize ammonium to nitrite are very time consuming (months) and are believed to seriously underestimate natural abundances. A fluorescent-antibody assay for a marine ammonium-oxidizing bacterium was developed to provide a rapid and direct means of identifying these microorganisms. Antibodies to Nitrosococcus oceanus were prepared and tested against pure cultures of marine, freshwater, and soil ammonium oxidizers and against bacteria from natural seawater samples. Cell counts of culture samples determined by the fluorescent-antibody assay agreed with hemacytometer and acridine orange counts. Our results demonstrated that the immunofluorescent assay is a powerful tool for the detection of Nitrosococcus in the marine environment.
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Nitrite occupies a key position in the nitrogen cycle in the ocean as an intermediate in nitrification, denitrification, and nitrate respiration. The rates of these processes are important in determining the distribution and abundance of inorganic nitrogen in the ocean. Microbial production of nitrite is mediated by two very different biochemical transformations: oxidation of ammonium to nitrite by autotrophic nitrifying bacteria (7, 29) and reduction of nitrate to nitrite by both heterotrophic denitrifying bacteria (13) and nitrate-respiring facultative anaerobes (9) . Phytoplankton release nitrite under conditions of light limitation (6, 15, 27) . The relative importance of the oxidative and reductive transformations is a function of environmental parameters in a specific oceanic regime (6, 16, 21) . Denitrification, for example, is believed to be the prime mechanism of nitrite production in waters with low dissolved-oxygen concentrations (13) ; nitrate respiration also occurs under these conditions (9, 11) . The occurrence of autotrophic nitrification is not as well documented, nor are the specific environmental conditions favoring nitrification well defined (7) .
Ammonium-oxidizing bacteria have been isolated from the Atlantic (S. W. Watson, Abstract, Int. Congr. Microbiol. 8th, Montreal, B,6:12, 1962 ) and Pacific (10) oceans. In culture media with environmentally realistic concentrations of ammonium, rates of both growth and nitrite production are very low. Watson (29) and Carlucci and Strickland (10) have estimated from ammonium enrichment studies that in situ abundances of nitrifying bacteria in the ocean may be as low as one bacterium per liter, and certainly less than 103 cells per liter. Such low abundances, coupled with low estimated rates of nitrification, lead these investigators to conclude that in situ nitrification is insufficient to account for the observed nitrite distribution in the sea.
The ammonium enrichment techniques used for enumerating nitrifying bacteria, however, require long incubations and may seriously underestimate in situ abundances. We developed an immunofluorescent-antibody assay as an alternative to the enrichment methods and as a more direct approach for determining in situ concentrations of nitrifying bacteria in the ocean. The fluorescent-antibody (FA) technique is successfully used by Schmidt and co-workers to study Rhizobium (25) and nitrifying bacteria (2, 12) in freshwater and soils; Apel and co-workers (1) and Reed and Dugan (24) use a similar approach for enumerating Thiobacillus and methylotrophs, respectively, in their natural environments. In this paper we describe the preparation and testing of an immunofluorescent assay of sufficient sensitivity and specificity for the detection and enumeration of low concentrations of nitrifiers in the marine environment. (20) . Beneckea gazogenes, BV1-SJG (another marine pigmented vibrio, supplied by S. J. Giovannoni, Department of Biology, Boston University), and unidentified marine heterotrophs (isolated from waters off the Washington coast by the senior author) were all maintained on plates or in liquid culture of modified CP medium. Thiosulfate-oxidizing isolate Ml was isolated from a Massachusetts salt marsh by the senior author and maintained on the Thiobacillus thioparus medium of Vishniac and Santer (28) . Nitrobacter agilis (supplied by E. L. Schmidt) was grown in the Nitrobacter medium of Fliermans et al. (12) .
Field samples. Seawater samples were collected in 40-liter polyvinyl chloride water bottles during several cruises off the Washington coast. Seawater was prefiltered through 10-,um Nitex netting to remove zooplankton and large phytoplankton and then concentrated by continuous-flow centrifugation at 27,000 x g at 4°C on board ship using a gimbal-mounted, highspeed centrifuge. Pellets were suspended in 200 to 400 ml of filtered seawater and preserved in 2% Formalin (sodium acetate buffered) for subsequent fluorescentantibody staining in the laboratory.
Immunization procedure. A total of 137 liters of N. oceanus (Carlucci isolate (Fig. 1) . The Enumeration. Counting efficiency and reliability of the FA assay were tested by comparing it with two independent methods of enumeration. Concentrated pure culture samples were counted using a hemacytometer with Nomarsky optics at 400x magnification. Dilutions of these samples were counted by the FA assay described above and by acridine orange direct counting (17) .
RESULTS culture samples
The fluorescence of the FA-stained cells (Fig. 2) . Auto-and nonspecific fluorescence was more severe in field samples; several methods of di- bND, Not determined.
minishing this unwanted fluorescence were examined since incubation with bovine serum albumin proved ineffective. The procedure of Bohlool and Schmidt (4) was found to be a satisfactory method for attenuating auto-and nonspecific fluorescence; the gelatin coating gave a nearly black background which allowed easy detection of fluorescent cells in the presence of noncellular particulate fluorescence. The precision of the FA assay as a method for enumerating ammonium-oxidizing bacteria was tested by comparing counts of FA-stained cells with both hemacytometer and acridine orange cell counts for cell concentrations spanning four orders of magnitude, and including concentrations likely to be encountered in field samples (Fig. 3) . There was no significant difference (P > 0.95) from the predicted slope of 1 in the regression of count data; FA counts gave good replication (Fig. 3) . (Table 2) . ?nce between calculated regressions and pre- the stained cell from background nonspecific and autofluorescence, and precision of the actual our results suggested that the two tests did counting procedure. The antigenic reaction was ecessarily measure the same set of antigens. found to be specific for the marine ammonium etect an antigen by the FA method used oxidizers tested ( Table 2 ).The inclusion of a the antigen-antibody complex formed by gelatin or bovine serum albumin treatment in :ecific reaction must be retained on a 0.40-the FA-staining protocol was important in supiuclepore filter. A few outer membrane pressing background fluorescence and in attainonents are important in FA staining of ing sharp visual resolution of the FA-stained cells (22) 3) . Nitrifying bacteria in field samples from the primary nitrite maximum layer off the coast of Washington have been identified and enumerated by the FA assay; these results will be reported in a subsequent publication.
DISCUSSION

